Dynamics and function of PtdIns(3)P in autophagy.
Phosphorylation of phosphatidylinositol (PtdIns) by PtdIns 3-kinase is essential for autophagy. However, the distribution and function of the enzymatic product, PtdIns 3-phosphate (PtdIns(3)P), has been unknown. We monitored PtdIns(3)P distribution during autophagy by live imaging, biochemistry, and electron microscopy, and found that PtdIns(3)P is massively delivered into the vacuole via autophagy. PtdIns(3)P is highly enriched as a membrane component of the elongating isolation membranes and autophagosome membranes rather than as an enclosed cargo, implying direct involvement of PtdIns(3)P in autophagosome formation. This observation also provides important basic information on the nature of the autophagosome membrane, which is still poorly understood. Notably, PtdIns(3)P is highly enriched on the inner (concave) surfaces of the isolation membrane and autophagosome compared to the outer surfaces. PtdIns(3)P is also enriched on ambiguous structures juxtaposed to the elongating tips of isolation membranes. We also investigated the function of PtdIns(3)P in autophagy, and show that PtdIns(3)P recruits the Atg18-Atg2 complex to autophagic membranes through an Atg18-PtdIns(3)P interaction. Interestingly, PtdIns(3)P is required only for the association of the Atg18-Atg2 complex to autophagic membranes but not for any subsequent functional activity of the Atg18-Atg2 complex, suggesting that PtdIns(3)P does not act allosterically on Atg18. Based on these results we discuss the function of PtdIns(3)P in autophagy.